ABSTRACT -The purpose of this study was to verify the possibility of using direct selection in nine traits underlying indirect selection for yield and determine which traits should participate in the selection process. Data of 40 Conilon coffee genotypes were analyzed in two experiments in the growing seasons of 1996, 1998, 1999, 2000 and 2001 
INTRODUCTION
The study of relations between traits is essential, because breeding is generally aimed at improving a number of traits simultaneously, rather than of individual traits of the plant material (Ferreira et al. 2003, and Barriga 1992) .
Estimates of simple correlation allow an evaluation of the magnitude and direction of relations between two traits. These associations may have a genetic, environmental or phenotypic nature in genetic improvement. The genetic correlation explains the additive and the environmental correlation the nonadditive components, so both are determinants of phenotypic correlation (Kominakis 2003) .
The genetic correlation indicates the degree of genetic association between traits, in other words, it quantifies the influence of one particular trait on another, i.e., when the genetic correlation is high, the change by selection in one trait leads to alterations in other correlated traits (Resende 2002) . RG Ferrão et al. The knowledge of the existence of inter-trait associations underlying the study of correlations in programs of genetic improvement, permits the indirect selection of traits of difficult measurement or low heritability, based on other more easily measurable and highly heritable traits, which results in genetic gains together with time, labor and cost savings (Resende 2002) . However, in the selection of a trait that is negatively correlated with one or more and positively with other(s), care must be taken not to cause undesirable changes in other (s) (Cruz et al. 2004 ).
Correlations are also used as tools to reduce the number of study traits, for example, in analyses of genetic divergence, where available traits are redundant, due to their correlation with other more easily measurable traits whose evaluation is less time and/or cost-demanding (Cruz et al. 2004 ).
In breeding programs of the genus Coffea, most studies of inter-trait correlations and/or associations (fixed effect) in Brazil and the world are focused on Coffea arabica. Studies on Coffea canephora, variety Conilon, are rare. As an example, one can cite the study of Fonseca (1999) , who estimated the phenotypic, genetic and environmental correlations in 80 genotypes of Conilon coffee for eight traits.
Yield is the main criterion for selection of coffee trees, which usually have biennial bearing and are influenced by abiotic factors. Therefore, the quantification and knowledge of the nature of the correlation between yield and morphological traits can be useful in the selection of coffee (Dhaliwal 1968) .
Aiming to meet the demands of consumers and to ensure environmental sustainability, as well as for greater socio-economic benefits of coffee cultivation, coffee breeding programs have been focused on the improvement of other agronomic traits such as fruit type, uniform maturation and fruit size. Consequently, the nature of associations and/or correlations among these and the yield-related traits must be quantified and understood.
The purpose of this study was to verify the possibility of using direct selection in nine traits underlying indirect selection for yield and determine which traits must participate in the selection process, in 40 genotypes of the Genetic Improvement Program of the INCAPER Conilon coffee. In Marilândia (lat 19 º 24'48" S, long 40 ° 32'27 "W, at 70 m asl) the annual rainfall is 1,100 mm at a relative humidity of 74% and the mean annual temperature 24 ° C. The topography is wavy-rugged, and the soil classified as low fertile and crystalline. In Sooretama (lat 19 º 11'30 "S, long 40 ° 05'46" W; 40 m asl) the topography is flat, with prevailing south wind and a sandy dystrophic red-yellow Latosol (80% sand) of low fertility, annual rainfall of 1,200 mm, poorly distributed, with average annual temperature of 24º C and relative humidity of 80 %.
MATERIAL AND METHODS
Fertilization was carried out according to the soil analysis and a targeting a yield of 80 bags of green coffee per hectare. K 2 O was applied in three portions 340 kg ha -1 , N, 55 kg ha -1 of P 2 O 5 and 170 kg ha -1 K 2 O. The experimental management and cultural treatments followed technical recommendations and the crop needs, using no irrigation.
The experiments were installed in randomized blocks, with four and six replications, with two healthy plants per plot. The spacing was 3x1.5m with a planting density of 2,222 plants ha -1 .
Ten traits were evaluated: cycle (C) -number of days from flowering to the main harvest; mean grain yield (MGY) -green coffee yield in kg ha -1 , at 14% moisture; yield in kilograms of fresh cherry/green coffee (FCh/GC); yield in kilograms of dry cherry/green coffee An individual analysis of variance was performed at each location and year with the genotype effects (clones and varieties) as fixed in the model, for not representing a sample of the variability in Robusta in the northern state of Espirito Santo. The associations were estimated as proposed by Cruz et al. (2004) .
The significance of the coefficient of phenotypic association was evaluated by the t test for the genotypic and environmental associations using bootstrap methodology. This methodology is the destructuration of the data set by the exchange of information of each treatment with one of the traits of the analyzed pair, creating new data sets, specifically 5000 bootstrap replicates, in which each data replicate underwent analysis of variance, resulting in estimates of 5000 new associations.
The statistical software system GENES (Cruz 2006 ) was used to carry out the statistical analyses.
RESULTS AND DISCUSSION
The analysis of magnitude of phenotypic (Table  1 ) and genotypic associations (Table 2) showed that the genotypic exceeded the phenotypic associations in 93.33% of the cases in Sooretama and in 80.44% in Marilândia. These percentages at the two locations were higher than observed by Fonseca (1999) . Although the magnitude of associations was studied, particular attention should be paid to study the significant associations. It was found that 107 phenotypic associations (Table 1 ) were significant at 5% or 1% probability by the t test and 141 genotypic associations (Table 2 ) were significant at 5% or 1% probability by the bootstrap test, while no associations were observed for the others.
The magnitude of only nine of the 107 phenotypic significant associations was higher than the genotypic and only four combinations of these genotypic associations were not significant. Of the 141 significant genotypic associations 137 were greater than the phenotypic and of these combinations 38 phenotypic associations were insignificant.
The above results suggest that the influence of the genetic factors on the inter-trait relationship was greater than of the environmental factors. The superiority of genotypic associations is relevant, because in breeding programs genetic associations are used as an orientation since only these involve an inheritable combination. In genetic studies it is essential to distinguish and quantify the degree of genetic and environmental inter-trait associations (Cruz et al. 2004) . It is possible that the phenotypic correlations were lower than the genotypic as a result of the modifying effects of the environment in trait association at the gene level (Pandey 1981) .
The agreement of the signs of the estimated coefficients of genotypic (Table 1 ) and environmental associations (Table 3 ) was 61.33% in Sooretama and 63.55% in Marilândia, indicated a sensitive environmental influence on the inter-trait associations. It was found that many of these environmental and genotypic associations were not significant. The analysis revealed that in Sooretama 76 environmental and 78 genotypic associations were significant and Marilândia 74 environmental and 63 genotypic associations.
In Sooretama, 37 of the environmental associations (Table 3 ) were significant and genotypic associations absent, as for example, in 2001 the combination FCh/GC X S17. In Marilândia 42 environmental associations (Table 3 ) were significant and genotypic associations absent. The result of these combinations shows the predominant influence of the environment. According to Falconer and Mackay 1996 the environment causes a correlation when two traits are influenced by the same environmental variations.
In Sooretama, 39 of the genotypic associations (Table 1 ) were significant and environmental associations absent, as for example, in the combination CX FlG, in 2001. In Marilândia 31 genotypic associations were significant and environmental associations absent.
In Sooretama and Marilândia, in 39 and 32 combinations, respectively, significant genotypic and environmental associations were observed simultaneously, for example, in Sooretama in 2001 for MGY X S15. It is worth pointing out that these traits share at least part of the genes involved in their expressions (Ecochard and Ravelomanantsoa 1982 ++,+ : Significant at 1 and 5%, respectively, by 5000 bootstrap simulations; C= period in number of days from main flowering to full maturity; MGY= mean grain yield (kg/ha); FCh/GC= ratio coffee cherry /green coffee; DCh/GC= ratio dry cherry/green coffee; EmG= empty grains (%), Only the combinations C X EmG in Sooretama, in 2001 and FlG X S17 and MOG X S17 in Marilândia, in 2000, showed signs of different genetic and environmental association. The occurrence of the above within one year only for these combinations shows that indirect selection based on the significant coefficients of genotypic association, is not affected by the differential environmental effect on the traits involved. The absence of different signs between the significant genotypic and environmental associations indicates that the causes of genetic and environmental variations do not affect the traits due to different physiological mechanisms (Falconer and Mackay 1996) .
In studies of genetic divergence and the processes of evaluation and selection, it is important to maintain traits little correlated with the majority of traits. In this study, analyzing the test of genotypic association, the number of days from main flowering to complete cherry maturity (C), mean grain yield (MGY) and ratio coffee cherry and green coffee (FCh/GC) were the traits that should be maintained in the selection, evaluation and the study of genetic divergence, since these were least correlated and the number of significant associations with other traits was zero and/or low.
No genetic association of yield was found with the number of days from main flowering to complete cherry maturity (C), ratio fresh cherry and green coffee (FCh/GC) and percentage of mocha grains (MOG), and with nearly no association with S17 and S13 either, with only one significant genetic association. Indirect selection based on any trait studied would therefore not result in adequate gains in grain yield.
The traits DCh/GC and EmG were most closely correlated with yield, and significant negative genetic associations were found. These associations were mainly observed in Sooretama, specifically for DCh/GC at this site. Unfilled grains (EmG) may be a result of genetic factors (plant architecture, number of orthotropic branches, arrangement of plagiotropic branches on the stem, and leaf area) and environmental factors (drought, heat, defoliation). These traits affect the grain yield, since they cause deficient grain formation and filling, increasing the DCh/GC ratio and, consequently, reducing the final product yield. Thus, the indirect selection of clones with a lower EmG percentage, an easily measured trait, could lead to better DCh/GC ratio, leading to higher weight yield at harvest, better quality and higher profits for producers. The significant and positive genetic associations (Table 1) among the traits that induce large grains (S17 and S15) with those of flat grains (FlG) allow the indirect selection of genotypes that will produce a higher-quality coffee, meeting industry and market demands. And the genetic positive associations between S17 and S15 allow an efficient selection for larger grains, without the need of measurements for two traits, consequently reducing the demand for time, labor and costs.
One of the objectives of the breeding study with Conilon was the acquisition of early-cycle cultivars, whose maturation occur in the months March and April. In Sooretama this type of selection aimed at earliness requires caution, depending on the significant and negative genetic associations of C with EmG. The negative association between C and EmG is due to the fact that grain formation and filling occurs in the months of January and February, when rainfall is insufficient for the high water demand of the crop, aside from the high evapotranspiration caused by the high day as well as night temperatures.
Significant and high negative genetic associations were verified between FlG X MOG, P13 and S17 X S15 X P13. This can be explained by the complementarity of these traits, to reach 100% percent. The traits MOG and P13 can therefore be discarded in evaluations and studies of estimates of genetic divergence and selection.
This study of the magnitude and significances of phenotypic, environmental and genotypic associations in Coffea canephora is not only a rarity for the species, but has important and useful aspects of trait associations and genetic and environmental effects. The results will be useful and aid breeders in improvement programs of Coffea canephora to study the genetic diversity and select superior genotypes more efficiently.
CONCLUSIONS
Genotypic are higher than phenotypic associations, demonstrating a greater influence of genetic than of environmental factors;
The signs of the significant genetic and environmental associations were equal indicating that the implementation of indirect selection based on the coefficients of significant genotypic association is not affected by the differential action of the environment on the traits involved; RG Ferrão et al. The traits period in number of days from main flowering to full maturity (C), mean grain yield (MGY), ratio coffee cherry and green coffee (FCh/GC), empty grains (EmG), flat grains (FlG) and sieve 17 (S17) must be maintained in the selection, evaluation and even in future studies of genetic divergence;
Given the absence of significant and high associations of the other traits with grain yield, indirect selection based on any of these traits studied would not provide satisfactory gains for grain yield.
